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ABSTRACT

A rocket-borne ozonesonde has been developed which utilizes the chemilum-

inescent principle for the measurement of the ozone concentratioi. in the atmos-

phere. This has been fired with the ARCAS rocket at White Sands Missile Range,

New Mexico. The instrument. as it descend: with the parachute, measures the

ozone concentratior. In addition to the main peak ozone concentration generally

found near 22 km, a secondary peak has been observed close to 40 kilometers.

A gross detailed structure of ozone distribution in the upper stratosphere has

been measured which coulo not be obtained by the Umkehr method.
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INTRODUCTION

In recent years knowledge of the vertical distribution of atmospheric
ozone has been considerably increased, especially from data obtained by balloon-
borne ozonesondes, The chemiluminescent-type ozonesonde developed by Regenel
(1%0l 1%4) and the bubbler-type electrochemical ozonesonde developed by Brewer
and Milford (1%0) are being used extensively for detailed measurements of the
vertical ozone distribution. These balloon-borne sondes do not reach the top
of the ozone layer, and the ozone concentration in the upper layers is evaluated
by the Umkehr method. The need for an ozonesonde capable of measuring the com-
plete ozone distribution in the atmosphere is an obvious one. The Regener chemi-
luminescent ozonesonde being a dry chemical instrument is quite suitable for
adaptation to use in a small rocket.

A rocket-borne ozonesonde was developed for use with the ARCAS rocket sys-
tem, and test firings have been conducted at White Sands Missile Range (WSMR),
New Mexico. These sondes reached well above the stratopause and measured the
ozone concentration while descending on a 15-foot diameter parachute. The cir-
cuitry of the photomultiplier tube has not been changed from Regener's original
balloon-borne ozonesonde, and the Delta telemetry system (Clark and McCoy, 1%5)
operating at 1680 megacycles and using the AN/GMD-l ground station ':as been
adapted to recover the data.

INSTRUMENT

The rocket-borne ozonesonde (Figure 1) consists of three main parts:
power supply, photomultiplier tube and sampling chamber, and telemetry circuit.
The sampling chamber (Figure 2) consists of two concentric cylinders each having
four windows of equal dimensions. The inner walls of the sampling chamber were
painted with the chemiluminescent material. A photographic shutter is mounted
at the bottom or the inner cylinder and a chemiluminescent disc is placed on
the top, facing the shutter. The photomultiplier tube and associated circuitry
are potted in a black silicone rubber and mounted below the sampling chamber.
A rotary solenoid, mounted close to the telemetry circuit, controls the movement
of the outer cylinder. When the outer cylinder of the sampling chamber is ro-
tated to close the windows of the inner cylinder, the photographic shutter opens
simultaneously, thus allowing the photomultiplier tube to see the chemilumines-
cent disc. A separate battery power (18 volts) required to actuate the solenoid
.s potted next to the photoriultiplier tube.

A sequence timer in the ozonesonde actuates the rotary solenoid which in
turn rotates the outer cylinder to take an ozone sample. The photon yield from
the chemiluminescent disc is monitored by the photomultiplier tube, and the out-
put is connected to the transmitter which operates at a carrier frequency of
1680 megacycles. In addition, an ozone zero signal and a temperature signal
are briefly transmitted in a sequence. A 10-mil-diameter bead thermistor
(Figure 1) with a thin-film mount is used to record atmospheric temperature.

The instrument is calibrated before launch by the use of an ozone genera-
tor (Regener, 1%4) for absolute measurement of ozone concentration in the
atmosphere. Ozonized air of a known concentration is injected into the sampling
chamber (which is enclosed in a jacket) and sensitivity is set in the proper
range.
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Figure 1.Rocket-borne ozonosonde.
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Figure 2. Sampling charter.
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The ozone~onde is deployed from the ARCAS rocket at apogee (approximately
130 seconds after launch), the nose cone falls clear, and the instrument returns
to earth on a 15-foot-diameter radar-reflective parachute. The radar track of
the parachute yields wind data while the temperature and ozone data are received
by the Rawin set AN/GMD-l receiver. As the payload descends on the parachute.
ozone concentration is sampled eve1% twenty seconds. The instrument package
weighs 3. kg and the fall rate is approximately 120 meters per second at 50 km
altitude and 30 meters per second at 30 km altitude,

RESULTS

The rocket ozonesonde firings completed thus far were scheduled during
dark nights to minimize contamination of the photomultiplier output by stray
light. The data reduced from October and November firings are presented in
Figures 3 and 4. These data show considerable variations in the ozone concen-
tration in tne stratosphere which could be attributed to atmospheric conditions.
In addition to the peak ozone concentration generally found near 22 km. a sec-
ondary peak of smaller amplitude is observed close to 40 kilometers. The higher
altitude peak may be considered to be a Chapman peak and the lower as a storage
peak. The loss of ozone in between the two peaks could be due to the stratos-
pheric aerosols as suggested by Kroening (0%5). Another interesting poin'.
shown in the date is the decrease from 22 km to less than 20 km in the height
of the main ozone peak during a month's time.

Figure 5 shows the temperature profile as obtained with the bead therais-
tor on October 25, 1%5, 2100 MST. The bead thermistor was not mcunted on the
November firing so that the frequency of ozone observations could be increased.

The rocket ozonesonde has sufficient resolution to measure the detailed
structure of the ozone distribution in the upper stratosphere. The data Obtain-
ed do not agree with the profiles evaluated by the Umkehr method In detail; how-
ever, the total amount of ozone found by integrating on these days agrees very
well with that obtained by the Dobson spectrophotometer at the corresponding
latitude ard time of the year. The heights of the main ozone peaks on these
days also agree favorably with those obtained by the balloonsordes.

CONCLUSIONS

The chemiluminescent measurement technique has permitted the monitoring
of ozone concentration in higher altitudes of the atmosphere and has given the
detailed structure of the ozone distribution In the upper stratosphere. Suf-
ficient observations have not been made to draw detailed conclusions; however.
in all the firings, a secondary peak in ozone concentration has been observed
around 40 kilometers.

6



6o

I0 - WSMR OCT 25,1ig5 (210OUST)
S. . . . . STANDAND #6*9 )

/

40

-J A 7 .

30 II
to -

t0 1
*70 -so -30 -40 -30 -20 40 0 t0 to

TEMPERATURE PC)

Figure 5. Temperature over White Sands Missile Range.

7



I

REFERENCES

Brewer. A. W., and 3. R. Milford, 19oO: The Oxford-Kew Ozoiesonde, Proc. RoX,
Soe, London, A. 25b. 470.

Clark. C. Q.. and J. C. McCoy, ]965: Measurements of Stratospheric Temperature,
_. Appl MWeteoro] ,, 4, 365-37"0.

Kroenirg, 3. 1., 1905: Stratosphere and Troposphere: Transport of Material
Betwe-n Them. Science. 147, 862.

Regen,,r, V. II.. 1960: On a Sensitive Method for the Recording of Atmospheric
Ozone, J, Geophys. Res_. t5, 3975-3977,

Regener, V. I1., ]9o4: Measurement of Atmospheric Ozone with the Chemilumines-
cent Method, J. Geophys. Res., 69, 3795-3800.



ATMOSPHER!C SCIENCES RESEARCH PAPERS

1. Webb, W.L., "Development of Droplet Size Distributions in the Atmosphere," June
1954.

2. Hansen, F. V., and H. Rachele, "Wind Structure Analysis and Forecasting Methods
for Rockets," June 1954.

3. Webb, W. L., "Net Electrification of Water Droplets at the Earth's Surface," J. Me-
teorol., December 1954.

4. 1LtcheLl, R., "The Determir.atiun of Non-Ballistic Projectile Trnjectories," March
1955.

5. Webb, W. L., and A. McPike, "Sound Ranging Technique for Determining the Tra-
jectory of Supersonic Missiles," :t1, March 1955.

6. Mitchell, R., and W. L. Webb, "Electromagnetic Radiation through the Atmo-
sphere," #I, April 1955.

7. Webb, W. L., A. McPike, and H. Thompson, "Sound Ranging Technique for Deter-
mining the Trajectory of Supersonic Missiles," 42, July 1955.

S. Barichivich, A., "Meteorological Effects on the Refractive Index and Curvature of
Microwaves in the Atmosphere," August 1955.

9. Webb, W. L., A. McPike and H. Thompson, "Sound Ranging Technique for Deter-
mining the Trajectory of Super-onic Missiles," t3, September 1955.

10. Mitchell, R., "Notes on the Theory of Longitudinal Wave Motion in the Atmo-
sphere," February 1956.

11, Webb, W. L., "Particulate Counts in Natural Clouds," J. MeteoroL, April 1956.

12, Webb, W. L., "Wi-da EfI on the Aerobee," #1, May 1956.

13. Rachele, H., and L. Anderson, "Wind Effect on the Aerobee," #2, August 1956.

14. Beyers, N., "Electromagnetic Radiation through the Atmosphere,' # 2, January 1957.

15. Hansen, F. V., "Wind Effect on the Aerobee," #3, January 1957.

16. Kerdner, J., and H. Bear, "Wind Effect on the Aerobee," #4, January 1957.

17. Hoidale, G., "Electromagrctic Radiation through the Atmosphere," #3, February
1957.

18. Querfeld, C. W., 'The Index of Refraction of the Atmosphere for 2.2 Micron Radi-ation," Mac 1957.

19. White, Lloyd, "Wind Effect on the Aerobee," #5, March 1957.

9



20. Kershner, J. G., "Development of a Method for Forecasting Component Ballistic
Wind," August 1957.

21. Layton, Ivan, "Atmospheric Particle Size Distribution," December 1957.

22. Rachele, Henry and W. H. Hatch, "Wind Effect on the Aerobee," -6, February
1958.

23. Beyers, N. J., "Electromagnetic Radiation through the Atmosphere," #4, March
1058.

24. Prosser, Shirley J., "Electromagnetic Radiation through the Atmosphere," .5,
April 1958.

25. Hoidale, G., "Electromagnetic Propagation through the Atmosphere," "6, Febru-
ary 1959.

26. McLardie, M., R. Helvey, and L. Traylor, "Low-Level Wind Profile Prediction Tech-
niques," .I, June 1959.

27. Lamberth, Roy, "Gustiness at White Sands Missile Range," #1, Ma: 1959.

28. Beyers, N.J., B. Hinds, and G. Hoidale, "Electromagnetic Propagation through the
Atmosphere," #7, June 1959.

29. Hainline, D. A., "Drag Cord-Aerovaie Equation Analysis for Computer Application,"

August 1959.

30. Hoidale, G. B., "Slope-Valley Wind at WSMR," October 1959.

31. Webb, W. L., and K. R. Jenkins, "High Altitude Wind Measurements," J. Meteor-
of., 16, 5, October 1959.

32. White, Lloyd, "Wind Effect on the Aerobee," #9, October 1959.

33. Webb, W. L, J. W. Coffman, and G. Q. Clark, "A High Altitude Acoustic Sensing
System," December 1959.

34. Webb, W. L, and K. R. Jenkins, "Application of Meteorological Rocket Systems,"
J. Geophys. Res., 64, 11, November 1959.

35. Duncan, Louis, "Wind Effect on the Aeroboc," .!0, February 1960.

36. Helvey, R. A., "low-Level Wind Profile Prediction Techniques," #2, Februrry 1960.

37. Webb, W. L., and K. R. Jenkins, "Rocket Sounding of High-Altitude Parameters,"
Proc. GM ReL Symrp., Dept of Defense, February 1960.

38. Webb, W. L, and K. R. Jenkins. "Speed of Sound in the Stratosphere," June 1960.

39. Webb, W. L., K R. Jenkins and G. Q. Clark, "Rocket Sounding of High Atmo-
sphere Meteorological Parameters," IRE T.en.. M- . Ekcc., MIL-4,2-3,
April-July 1960.

10



40. Helvey, R. A.. "Low-Level Wind Profile Prediction Techniques," *3, Saptember

1960.

41. Beyers, N. J., and 0. W. T1iiele, "Meteorobogi ai Wind Sensors," August 1960.

42. Armijo, Larry, "Determination of Traictories Using Range Data from Three Non-
colinear Radar Stations," September 1960.

43. Cameo, Patsy Sue, "Temperature Variations in the First 200 Feet of the Atmo-
sphere in an Arid Region," July 1961.

44. Springer, H. S., and R. 0. Olsen, "Launch Noise Distribution of Nike-Zeur Mis-sties", July 1961.

45. Thiele, 0. W., "Density and Pressure Profiles Derived from Meteorological Rocket
Measurements," September 1961. i

46. Diamond, M. and A. B. Gray, "Accuracy of Missile Sound Ranging," November
1961.

47. Lamberth, R. L and D. R. Veith, "Variability of Surface Wind in Short Distances,"
#1, October 1961.

48. Swanson, R. N., "Low-Level Wind Measurements for Ballistic Missile Application,"
January 1962.

49. Lamberth, R. L. and J. H. Grace, "Gustiness at White Sands Missile Range," #2,
January 1962.

60. Swanson, R.N. and M. M. Hoidale, "Low-Level Wind Profile Prediction Tech-
niques," #4, January 1962.

i
51. Rachele, Henry, "Surface Wind Model for Unguided Rockets Using Spectrum and

Cross Sprectrum Techniques," January 1902.

52. Pc.&db4, IHenry, 'Sound Propagation through a Windy Atmosphere," $2, Febru-
ary 1962.

53. Webb, W. L, and K. R. Jenkins, "Sonic Structure of the MesosphereP" J. Acous.

Soc. Amer., 34, 2, February 1962.

64. Tourin, ,I. H. and M. M. Hoidale, "Low-Level Turbulence Characteristics at White
Sands MUsile Range," April 1962.

65. Were, Bruce T., "Mesospheric Wind Reversal over White Sands Missile Range,"
March 1962.

56. Fisher, E., R. Lee, and H. Rachel*, "Meteorological Effects on an Acoustic Wave
within a Sound Ranging Array," May 1962.

57. Walter, E. L, "Six Variable B-alli-tic Modal for a Rocket," June 192.

58. Webb, W. L, "Detailed Acoustic Structure Above the Tropopause," J. Applied Me-teorol, 1, 2: June 1962.



I

59. Lamberth. Roy. "Wind Variability Estimates as a Function of Sampling Interval,"
July 1962.

60. Rachele, Henry, "Surface Wind Sampling Periods for Unguided Rocket Impact Pre-

diction," July 1962.

61. Traylor, Larry, "Coriolis Effects on the Aerobee-Hi Sounding Rocket," August 1962.

62. McCoy, J., and G. Q. Clark, "Meteorological Rocket Thermometry," August 1962.

63. Rachele, Henry, "Real-Time Prelaunch Impact Prediction System," August 1962.

64. Beyers, Norman, and Norman Wagner, "Performance Characteristics of Meteorolog-
ical Rocket Wind and Temperature Sensors," October 1962.

65. Coffman, J., and R. Price, "Some Errors Associated with Acoustical Wind Measure-
ments through a Layer," October 1962.

66. Arrmcndariz, M., E. Fisher, and J. Serna, "Wind Shear in the Jet Stream at WS-
MR," November 1962.

67. Armendariz, M., F. Hansen, and S. Carnes, "Wind Variability and its Effect on Roc-
ket Impact Prediction," January 1963.

68. Querfeld, C., and Wayne Yunker, "Pure Rotational Spectrum of Water Vapor, I:
Table of Line Parameters," February 1963.

69. Webb, W. L., "Acoustic Component of Turbulence," J. Applied Meteorol., 2, 2,April 1963.

70. Beyers, N. and L. Engberg, "Seasonal Variability in the Upper Atmosphere," May
1963.

71. Lamberth, Roy and D. Veith, "Upper Wind Correlations in Southwestern United
States," June 1963.

72. SandLin, E., "An Analysis of Wind Shear Differen-ces as Measured by AN/FPS-16
Radar and AN GMD-IB Rawinsonde," August 1963.

73. Diamond, M. and R. P. Lee, "Statistical Data on Atmospheric Design Properties
Above 30 k1m," August 1963.

74. Thiele, 0. W., "Mesospheric Density Variability Based on Recent Meteorological
Rocket Measurements," J. Applied Meteorol., 2, 5, October 1963.

75. Diamond, M., and 0. Essenwanger, "Statistical Data on Atmospheric Design Prop-
erties to 30 k1m," A~tro. Aero. Engr., December 1963.

76. Hansen, F. V., "Turbulence Characteristics of the First 62 Meters of the Atmo-
sphere," December 1963.

77. Morris, J. E., and B. T. Miers, "Circulation Disturbances Between 25 and 70 kilo-
meters Associated with the Sudden Warming of 1963," J. of Geoph ys.
lRes., January 1964.

12



78. Thiele, O. W., "Some Observed Short Term and Diurnal Variations of Stratospher-
ic Density Above .0 kin," January 1964.

79. Sandlin, R. E.. Jr. and E. Arinijo, "An Analysis of AN!FPS-16 Radar and AN
GMD-1B Rawinsonde Data Differences," January 1964.

80. Miers, B. T., and N.J. Bevers, "Rocketsonde Wind and Temperature Measure-
ments Between 30 and 70 km for Selected Stations,' J. Applied Mete-
oroL, Februar.y '64.

81. Webb, W. L., "The Dynamic Stratosphere," Astronautics and Aerospace Engineer-
ing, March 1964.

82. Low, R. D. H., "Acoustic Measurements of Wind through a Layer," March 1964.

83. Diamond, M., "Cross Wind Effect on Sound nropagation," J. Applied Meteorol.,
April 1964.

84. Lee, R. P., "Acoustic Ray Tracing," April 19S4.

85. Reynolds, R. D., "Investigation of the Effect of Lapse Rate on Balloon Ascent Rate,"
May 1964.

86. Webb, W. L., "Scale of Stratospheric Detail Structure," Space Research V, May
1964.

87. Barber, T. L., "Proposed X-Ray-Infrared Method for Identification of Atmospher-
ic Mineral Dust," June 1964.

88. Horn, J. D., and E. J. Trawle, "Orographic Effects on Wind Variability." July 1964.

$9. Hoidale, G., C. Querfeld, T. Hall, and R. Mireles, "Spectral Transmissivity of the
Earth's Atmosphere in the 250 to 500 Wave Number Interval," #1,
September 1964.

in.. Duncan, L .1., It. Enscy, and B. Engebos, "Athena Launch Angle Determination,"
September 1964.

91. Duncan, L, D., and R. Ensey, "Six-Degree-of-Freedom Digital Simulation Model for
Unguided, Fin-Stabilized Rockets," November 1964.

92. Hoidale, G., C. Querfeld, T. Hall, and R. Mireles, "Spectral Transmisaivity of the
Earth's Atmosphere in the 250 to 500 Wave Number Interval," #2,
Noilember 1964.

93. Webb, W. L, "Stratospheric Solar Resporse," J. Almos. Sc., November 1964.

94. McCoy, J. and G. Clark, "Rocketsonde Measurement of Stratospheric Temperature,"
December 1964.

95. Farone, W. A., "Elfecto, -4e-c -e• -,• o 1. Ra-i-ly Iihomogmneous Spheres
as Applied to thePolmo la Atmosphere Radar Echoes," Decem-
ber 1964.

13

I



96. Farone, W. A., "The Eife t of the Solid Angle of Illumin.',ain or Observation on the

Color Spect-a of 'White Light' Scattered by CyLinders," January 1965.

97. Wiliamson, L. E., "Seasonal and Regional Characteristics of Acoustic Atmospheres,"
J. Geophys. Res., January 1965.

98. Armendariz, M., "Ballistic Wind Variability at Green River, Utah," January 1965.

99. Low, R. D. H., "Sound Speed Variability Due to Atmospheric Composition," Janu-
ary 1965.

100. Qucrfeld, C. W., "Mie Atmospheric Optics," J. Opt. Soc. Amer., January 1965.

101. Coffman, J., "A Measurement of the Effect of Atmospheric Turbulence on the Co-
herent Properties of a Sound Wave," January 1965.

102. Rachele, H., and D. Veith. "Surface Wind Sampling for Unguided Rocket Impact
Prediction," January 1965.

103. Ballard, H., and M. Izquierdo, "Reduction of Microphone Wind Noise by the Gen-
eration of a Proper Turbulent Flow," Feb-wary 1965.

104. Mireles, R., "An Algorithm for Computing Hal Widths of Overlapping Lines on Ex-
perimental Spectra," February 1965.

105. Richart, H., "Inaccuracies of the Single-Theodolite Wit 4eaauring System in Bal-
listic Application," February 196!.

106. D'Arcy, M., "Theoretical and Practical Study of Aerobee-150 Ballistics," March
1965.

107. McCoy, J., "Improved Method for the Reduction of Rocketaonde Temperature Da-
ta," March 1965.

108. Mireles, R., "Uniqueness Theorem in Inverse Electromagnetic Cylindrical Scatter-ii ,, .pd i • 5.

109. Coffman, J., "The Focusing of Sound Propagating Vertically in a Horizontally Stra.
tified Medium," April 1965.

110. Farone, W.A., and C. Querfeld, "Electromagnetic Scattering from an Infinite Cir-

cular Cylinder at Oblique Incidence," April 1965.

111. Rachele, H., "Sound Propagation through a Windy Atmosphere," April 1965.

112. Miens, B., "Upper Stratospheric Circulation over Ascension Island," April 1965.

113. Rider, L, and M. Armendariz, "A Comparison of Pibal and Tower Wind Measure.
ments," April 1965.

114. Hoidale, G.B., "Meteorological Condition, Allowing a Rare Observation of 24 Mi-
"r.n Sol.ar R. diat-o Near 0- -L.'va," Maetor6,&. Magazine, May 1965.

115. Beyers, N.J., and B. T. Mier, "Diurnal Temperature Change in the Atmosphere
Between 30 and 60 km over White Sands " " Range," J. Atmos.
Sci., May" 1965.

14



116. Querfeld, C., and W. A. Farone, "-ablte. of the Mie Forward Lube," May 1965

117. Farone, W.A., "Generalization of Ravleigh-Gans Scattering from Radially Inhomo-
geneous Spheres." J. Op'. Sor. Ainer., June 1965.

118. Diamond, M., "Note on Mesospheric Wi:ds Above White Sands Missile Range," J_
Applied MNftcurl_.. June 1965.

119. Clark, G.Q., and J.G. McCoy, "Measurement of Stratospheric Temperature," d.
Applied Mcutorol., June 1965.

120. Hall, T., G. Hoidale, R, Mireles, and C. Querfeld. "'Spectral Transmissivity of the
Earth's Atmosphere in the 2550 to 500 Wave Number Interval," =3,
July 1965.

121. McCoy, J., and C. Tate, "The Delta-T Metenrolobical Rocket Payload," June 1965.

122. Horn, J. D., "Obstacle Influence in a Wind Tunnel." July 1965.

123. McCoy, J., "An AC Probe for the Mea-urem'nt of Electron Density arnd Collision
Frequency in the Lower lono'phere." July 1965.

124. Serna, J., "An Acoustic Ray Trac:ng Method for Digital Computation," September
1965.

125. Webb, W. L., "Morphology of Noctilucent Clouds," J. Geophys. Res., 70, 18, 4463-
4475, September 1965.

126. Kays, M., and R. A. Craig, "On the Order of Magnitude of Large-Scale Vertical Mo-
tions in the Upper Stratosphere," J. Geophys. Res., 70, 18, 4453-4462,
September 1965.

127. Lamberth, R. L., R. Reynolds, and Morton Wurtele, "The Mountain Lee Wave at
White Sands Missile Range," Bull. Amer. Meteorol. Soc., 46, 10, Octo-
ber 1965.

128. Reynolds, R_ and R. L. Lamberth, "Ambient Temperature Measurements from Ra-
diosondes Flown on Cenytent-L-e-..e! a .. L... -

129. McCluney, E., "Theoretical Trajectory Performance of the Five-Inch Gun Probe
System," October 1965.

130. Pena, R. and M. Diamond, "Atmospheric Sound Propagation near the Earth's Sur-
face," October 1965.

131. Mason, J_ B.. "A Study of the Feasibility of Using Radar Chaff For Stratospheric
Temperature Mleasurements," November 1965.

132. Diamond, M., and R. P. Lee, 'Long-Range Atmospheric Sound Propagation," J.

Geophys. Res., 70, 22, November 1965.

133. Lamberth, R. L., "On the Measurement of Dust Devil Parameters," November 1965.

134. Hansen. F. V and P. S. Hansen, "Fe.r-mation of an Inlenial Boundary over Heter-
ogeneous Terrain," November 1965.

15



I!
I!

I
"15. Webb, W. L., "Mc'hanict of Stratospheric .Se.,sonal Reversals," November 1965.

136. U. S. Army Ele'trnnai H & D Activity. "U. S. Army Participation in the hleteoro.
lorical t•ktt Networl." January 1966.

137. Rider, L. J.. and M. Anmcndariz. "'Lo-Ixvel Jet Winds at Green River, Utah," Feb-
ruary 1966.

138. Webb, W. L.. "Diurnal Variations in the Stratospheric Circulation," February 1966

i:19. Bevcrs, N.J., B. T. ,Nier-, an R_ J. Reed. "Diurnal Tidal Motions near the Strato-
pause During 48 Hours at WSMR.'" February 1966.

14(1. Webb, W. I., "The Stratospheric Tidal Jet." February 1966.

141. Hall. J. T., "Focal Properties of a Plane Grating in a Convergent Beam," February
1966.

142. Duncan, L. D.. and Henry Racheie. "Real-Time Meteorological SyStem for Firing of
Unguided RockeLs," February 1966.

143. Duncan, L. D.. 'Coordinate Transformations in Trajectory Simulations," February
1966.

144. Williamson, L. E., "Gun-Launched Vertical Probes at White Sands Missile Range,"
February 1966.

145. Randhawa, J. S., "Ozone Measurements with Rocket-Borne Ozonesondes," March
1966.

I
______ ...............______



DOCUmE!rl C08NT-1L DATA - R&D
I 0.6uATQ £CTwMTý PCq-W20 3.5#9*Ox qCv$.TT A ~.-.

jU.S. Army Electroniics Cozwctd Unclassified

Fort Monmouath, Now Jersey
3 SEPO^T TITLE

0,onei Heasurrments with Rocket-Borne Ijzaresonudes

$ AUTHOMIhJ (L~t -A, *ofAM. &".al

Rxr~dhawa Jagir S.

Repo X96 Dae0.g 66 M.

A Rjc e LCOM - 3039

SDA Project 1WI30OIA91A *am~e3 (Amp .MW.eS

10 £A v i.AGPLI?~gLmsvaYko% *cTita

Q~ualified requesters may obtain cepies of this "eport from VDC.

ý1- SUFLSOCKTAFT *OYMI ta. SpUIFmmIUOUT*3Vr ACTWTY

1U.S. Anoy Electronics Comand
Atmospheric Sciences Lbabratosr'

1~ . TRCY ~h1ta Can&s Missile &Mgt. New Mexico

A rocket-borne ozanesonde has been oevoloped which utilizes the
chen lumnie=ýcent principle for the meaurement of the ozone Lmoocntra-
tion in the atmosphere. ihis has beon fired with the ARCMS rocket at
W-hite Sand Visqile Range, Now Mexico. The instnuamt, a it descends
with the parachute, measuresi the ozone convetration. In addition to
Cue main peea ozon coaientration generally, founid near 22 kv. a second-
arl peak has been observed close to 40 kilmieftos. A gross detailed
structure of ozon distribution, In the up~per sxratosphere has boen
measured which could not be obtained by the Unkehr mthod.

A9)

roD s "17 C



Security cla'ssification
KEY *0003 NK A _A LINK 8 LINK C

ROLE WT AOLE WT RO~t Wy

1. ozonosphere
2. Ozonesonde
5. ChemilumineSeent
4i. Chapman Peak

~. Storage Peek

INSTRUCTIONS

L ORIGfl14AT7Nd ACTIVITY. )Entti the name and addes 1(). AVAILAM3LTTY/LIMITATION NOTCES Eterf any It-
of the contractor, subcontractor. grante*, Department of De- itations an further dissemination ot the report, other then thoe"
fense activity or other onganisatton (coiParale author) issuing Imposed by security classiflcation., Using standrfd statements

the rport.such eas
2&. REPORT SECURTY CLA3SWICATION: Rnter the ever- (1) "Qganif ld requestes toay obtain copies of this
all securitly classification ot the report. Indicate whether report from DDC."
"Restricted Data" is Includeti, Marking is to be In accord.
snce with appropriate security regulations. (2) "Foreign announcement and dlaaemlnsatlon of this
2b. GROUP- Automatic downgrading in aperifiLed In DoD Di.- report by DDC Is not authorized."
rective 5200. 10 and Armed Forces industrial MafnUaL Enter 3 IOU, &. Goverment agencies may obtain copies of
the group number. Also, when applicable, show that optional this report directly Irom DDC. Other qualified DDC
markings have been used It* Group 3 and Group 4 as author- users sabll reqSet through
ized. ,O

3. REPORT TITLE- Enter the coteplete report title ini all (4) 11U. I. military agencies may obtain copies of t0A.
capital letters. Titles in ail cases should be Unclassified. reor directly froms DDC. Other qualified users
If a meaningful title cannot be selected without. clessilca. shall request through
tior, ahow title classification In all capitals in parenthesis
immediately following the title. _____________________

4. DESCRIPTIVE NOTES If app op ait , enter the typ of (5) "All distribution of this report Is controlled. Qual.
reort, e.g.. interim, progress, summary. ameXl, or final. 1Used DOC users "hl request throug
Give the inclusies dates when a apecific reporting period is
covered.

S. ArrHR(S~ Ener he ame~) o .rho~s ~ how on It the report has been terniehed to the Office of TechnicalS. ATHORSý nterthesam~) ofeutof~s asabow on Services, Department of Commerce, for sa1e to the4 public. Indi-or In the report. Enter lest name, firat name, middle Initial, cate this tact and enter the price, If know%.
If military, show rank and branch of service. The name of
the principal author is en absolute minimum requairement. IL SUPPLMENTAAY NOTES: 'Use for additiosal aiploana
6. REPORT DATh: Enter the date of the reor a.day, tory notes.
month. year-, or mouth, yeah If more timan one date appears 12. SPONSORING IMILTARY ACTIVITY: Enter the name of
on the report, use date of publicatioon. the departmental project office or laboratory sponsoring (par
I&. TOTAL NUMBER OF PAGES: The total pag coun Infor) the research and developmen't. Include eddress,
should follow normal pagination procedures, L~e., enter the 13. ABSTRACT: Enter an abstract giving a brief mand factual
number of pages containing Information summary of the document indicative of the report, even though

7b. UMBR O REERENES nte th totl nmbe of it may also appear elsewhere in the body of the technical re-
7b. UMBR O REFRENE& nterthetotl trcha of port. If additional space Is required, a continuation sheet

references cited In the report, shell he attached.
111. COYTRACT OR GRANT N4UMBER If opproprate, eater It Is highly desirable that the abstract of classified re-
the appli .able number of the contract or Spant under which ports be unclassified. Each parallraph of the abstract shall
the repor! was written, end with an indication of the military security cassaiflcatlon
Sb. It, & Sld. PROJECT NUIMBER Enter thre appropriats of the information in the paragraph, represented as (7S), (S),
military Le9partment Identification, such as project number, ('C), or (U).
subproject number, system numbers, task number, eftO. There La no limitation on the lengthof the Abstract. HOW-

Pa. R!ONJV'ORS RIOR NUMER(): nte th ~* ever, the suggested length is from 150 to 225 words.
dcil report n,.mber by which the d~ceument will be Identified 14. KEY WtORDS: Key words are technically meaningful terms
and controlled by the originating activity. This number mur~t 6r short phrases that characterize a report and may be used as
be unique to this report. index entries for cataloging the report. Key words must be

9b, THE REPRT UI.ER(U: I thereprt hs 'en selected so that no security classification Is required. Iden-

assigned4 any other report numbhers (either by the originlator flers, such as equipment model designation, trade name. milii-
orb h posrasoetrtnsnme1) tary project cods name, geooaraphic location, may be used as

or b th spnsor, aso nte thi nube~). ey words butt will be followed by an Indication of technical
context. The sassignment of links, rules, and weights is
optional.________________________



UNCLASSIFIED

[This page is intentionally left blank.]

UNCLASSIFIED


